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SubJect: Hydraulic model studice of Anchor Bun ( e a r t h f i l l )  tunnel 
spillway and ou t l e t  works 

Hydraulic model s tudies  of Anchor Dam ( e a r t h f i l l )  tunnel 
epiztray,  the ou t l e t  works tunnel, and the junction of the  ou t l e t  works 
tunnel v i t h  the spillway, Figure8 1 through 7, inclusive,  were conducted 
on a 1 t o  15.8 scale  model, Figures 8 through 13, t o  develop the 
hydraulic denign. 

Data and notes taken on the  flow i n  the  model shcnred the 
general concept of the preliminary s t ruc ture  t o  be eat isfactory but 
t h a t  certain modifications i n  the  approach channel, i n  the ou t l e t  
works tunnel junction vith the spillvay tunnel, and i n  the horirontsl 
bend of *&e spi l lvay tunnel were dcalrable. Better flow d is t r ibu t ion  
and l e s s  turbulence at the spillway entrance were gained by modification 
of the approach channel, Figures 14 through 17. Less l ikelihood of 
subatrnoepheric presourcs, which might cause cavi ta t ion erosion, can be 
accooplished fn t he  ou t l e t  works tunnel junction with the  spillway by 
placing a 6-iuch-radius c b f e r  on the  edges joining the two tunnels, 
Figure8 5, 22, aad 37 through 40. To main%aln an air paesing through 
the tunnel and to  prevent poasiblc choking and filling of the  tunnel, 
a guide vane vas provided d o n g  the kvlnel crown through the ho r i zonh l  
bend and downstream t o  Station ll+15, Figures 3, 211, 25, and 26. 

Other nodel data shoved other aspects of the preliminary 
design t o  be satis~Pactory. For example, a l l  t rans i t ions  in the twnncls 
were found t o  be astief'actory, the  ver t ica l  curvature of the ou t l e t  
vorkn t w l  was not too  harp, the radius of the vertical bend in %he 
spi l lvay tunnel a8 w e l l  a8 the tunnel size was ample, the s t i l l i n g  
basin including the flip bucket end s i l l  was sat isfactory.  

Motion picture8 were made of the reco~lr~ended s t ruc ture  
discharging design capaci t ies .  The pictures  include closaup v i e w  of 
t h e  ccaponent parts of the s t ructure  as w e l l  as an overa l l  view. 



Anchor k u  i s  ptirt of the  h:lsoouri River  %sir? Project. It 
i s  located on O w l  Creek about 30 miles west of Thennopolls, Wyoming, 
Figure 1. One plan, Figures 2 etlrough 7, conaidered an e a r t h f i l l  
structure approxf-lrt?tely 370 f e e t  long and 19 feet  above t h e  riverbed. 
The plan includes a s p i l l m y  and an o u t l e t  works, Figure 2, which 
was modeled and tested, Figures 8 through 13. The a p i l l m y  is designed 
t o  discharge 7,340 aecoud-feez st rnnximum rese rvo i r  elevation 6460.5. 
The o u t l e t  works is designed to discbarge 640 second-feet. 

1 

Normslly the o u t l e t  works i s  to be cox~trol led  * t  dincharge 
300 second-fret.  The out le t  works and spillway are  no t  designed t o  
discharge sira~taneouoly except vhen t h e  spiLlvay fLrst begins Lo I 

spill uatcr. 

The sp i l lmy ,  Figure 3, loca ted  i n  the r2gh.c abutxtent consisto 
of a concrete-l ined horseshoe tunnel. A cmcrc te - l ined  horrreshoe outlet 
works tunnel ,joins t k e  spillwa:. tunnel i n  the ve r t i c a l  bend of t h e  
apillway tunnel, Figure k .  The spillway c r e ~ t  at e l e v a t i o n  6441 is 5 
f e e t  above t h e  appswca cnnmel  f loor ,  19.5 f e e t  below the mnximum 
reservoir, and 165 feet  above the discharge channel i n  the  r i ve rbed .  
The approach channel is cxcamted 17 .5  feet  vide v i t h  1 on 1 s ide  
6lopes. A t  Statiou 3 4 - 2 5  it j o i n s  a concrete apron extending 13.75 
f e e t  upstream fran the c r e s t  sec t ion  a t  Station h 0 ,  Figure 5 .  The 
apron is bounded by two curved approoch training vslls that slope upward 
at the rate of 1 on 1/4. These t r a i n ing  w a l l s  continue along each aide 
of the spillway crest sec t ion  and join t h e  tunnei  entrence portal st 
Ste t ion  b19.5 on t h e  i n v e r t .  

Frcm S t a t i o n  4cl9.5 t o  Stat icn k30.50 t h e  invert of the 
tunnel  dropo lo.-(? feet and the tunnel transitions fran a 20-foot- 
diameter tunnel to a l'i- foot-diameter horseshoe shrrpe. Tkcn the tunnel 
tapers frm a S(-foot-diameter t o  a 12-feot-diameter horseehoe down a 
50" incline t o  Station 5+2i.3'( at elevation 6315.427. Here t h e  tunnel 
bends on a 93.75-foot racliue t w  a slope of o.& at; Staciom 592.624. 
The 12-foot-ditxac-tcr horseshoe tunnel continuerr on this slo2e t o  

T 
S a t i o n  LL+15, Fi6u.e 3. B r a  S a ~ i o n  9 4 5  t o  S ta t ion  9+75 the tunnel  
bottom cben~es  Iran u t?.orscshoe shape t o  a flst bottom. Froln 

Staticm 9M.66 t o  S+cecicn l~H8j.93 the  tunnel follows e 25" horizontal 
bend along the arc of 200-foot -radius. v 

A t  Stas ion il+l> the  f l a t  botCm follows a t r a j e c to ry  curve 
domvard 12.72 i'eet t o  the stilling basin f loor  at Sta t i on  U . 9 5  c s t  
elevat ion 6206.06, Figure 6. A t  Sla t ion  12*5 j the  horizontal  f loor  of 
the basin curves upward 01: on arc of 100-foot radius t;o elevation 6276. 
A t  Station 1 3 W ,  18-j/8 inches dawnsLrecun from %he end of the  arc, 
the basin tclrninrates in %he r i v e r  chaanel. at elevaltion 62'76. The 
r i v e r  channel i s  riprapped arouad the end of the h c i n  and fo r  20 feet 
dmstreara. 



bend aa shown i n  Figure 4. The fiow frm the o u t l e t  works is caatrolled 
by tvo 2-foot 3-inch-square, high pressure s l i d e  gates, Figure 7. 
Between the gates i s  a 3-foot 4-1/2-inch-high p i e r  t h a t  extends 20 feet 
i n t o  i;he 6-foot 9-inch-diameter concrete-lined tunnel. The bot taa  half 
of the  tunnel t rsnsi t iona frap a square shape a t  t he  upstresr  end of the  
p i e r  t o  a horseshoe shape 4 f e e t  hovnstreaa fraa the end of t h e  pier .  
The tunnel slopes downward 10' and is  vented st the upstream end by an 
18-inch outside-diameter i n l e t  pipe. A t \ '  8.27 reet downstream froll the 
end of p i e r  the tunnel bends domvaxd on a. 70-foot parabolical, vertical 
curve m d  begins to taper f r cm a 6-,foot 9-inch-diameter horseshoe tunnel 
t o  a 6-foot-diameter horseshoe. A t  the P.I. of the vex-tical curve, the 
tunnel is  6 f e e t  In diameter and continues to the spillvay tunnel. A 
tangent 11.29 i e e t  long connects the inver t  of the ve r t i ca l  curve a t  
the P.T. t o  %he inver t  of the  spillway tunnel bend, Figure 5. A deflector  
3 f e e t  Long and 6 inches high at  the inver t  i s  i n s t a l l ed  across the  
spillway tunnel jus t  above the ou t l e t  tunnel opening t o  def lec t  s p i l l m y  
flows over the ou t l e t  tunnel opening. 

THE MODEL 

The model was 8 1 t o  15.8 scale  reproduction of the spiilway 
and surrounding area including the ou t l e t  works control  gates and 
tunnel t h a t  extended fran the gates t o  the spillway tunnel, Figures 8, 
9, lo ,  11, 12, and 13. The model consisted of four main psrts: 
( 1 )  the reservoir  area axrounding t h e  spillway entrsncc; (2)  the  
spillway s t ructure  confjisting of the crest, t h e  tunnel, and the sti l l3.ng 
basin; ( 3 )  the tail water ares consist ing of the discharge channel mil 
r i ve r  ckamel  extending downstream frcu t h e  spi l lvay s f i l l i n g  basin; and 
( 4 )  the o r t l e t  works s t ructure  consisting of the control  gate chamber 
aud the tunnel from 'the gates t o  the spillway tunnel junction. 

Reeel-voir 

The reservoir  was contain& i n  a head box, Figure 9,  which 
allowed reproduction o f  the topog-mphy fo r  approxhately lC,O f e e t  
upstream fran the spillway cresz and approximately 65 feet t o  the r igh t  
and 75 f e e t  t o  the l e f t  of the spillway center l i ne .  The f loor  of the 
box was a t  elevation 640b and the  top of the box st elevation 667. 

Topagraphy in  the  rerservoir area was modeled of concrete 
mortar  placed on metal lath vhich had been nailed over wooden templates 
shaped t o  the ground surface contours. Tbc surface was given a rough 
f i n i sh  t o  simulate the  nstural  topography of the prototype. 'Pbc cut 
surfaces of t h e  approach cbtunnel were given a smooth f in i sh .  



Crcat section. The crest, Figure 9b, was molded in  cement 
mortar. Sheet m e a l  tcaplates  accurately cu t  and placed ran used as 
guides. Piezametere alang the tunnel center l i n e  i n  the  e p i l l m y  c ree t  
consisted of 1/16-inch inaide-diameter braes tubes aoldered a t  r i g h t  
angles t o  'the pro f i l e  shape of a template and filed f lush.  

Tunnel. The apillway tunnel fran the  c r e s t  t o  the h o r i t m b l  
bead vas molded ccapletely in traasperent p las t ic ,  Figures 8 ernd 10. 
Wood patterns were accurately shaped f o r  use i n  molding the p l a s t i c  (I 

tunnel raections fran flat sheets. The p l a s t i c  tunnel sections were 
flanged, and bolted t w e t h e r  =ing waterproof grease between f a a s  t o  
prevent leakage. P las t ic  piezcsoters having a 1/16-incb inaide- c 

diemeter hole vere insertzd where needed t o  measure pressures. 

The horizontal  bend portion of the tunnel was canstructed on 
a wood platform which provided the f loor  of the tunnel, Figure LOc. 
The ve r t i ca l  s ides  of the tunnel and the  round top were nade of 
transparent plastic sheets sealed t o  the  platfona. Three wood flanges 
were ueed t o  strengthen and hold the plastic tunnel i n  place. 

S t i l l i n g  baoin. The s t i l l i n g  basin, Figure ll, was 
constructed of 5/8-inch plywood which wae given a resin coating to 
prevent warping. The roof of the basin was umitted i n  the model t o  
f a c i l i t a t e  observing and recording model date. The curved tra,jectory 
f loor  and the curved s i l l  st end of basin were constructed of sheet 
metal placed over wood tcmpl8tes. Piezameters having a 1/16-inch- 

I d i a m t e r  hole were ins ta l led  on the t ra jec tory  curve f o r  measuring 
pressures. 

Downstream Area 

A length of r i v e r  channel extending approximately 250 feet 
downstream frca the end of the  s t i l l i n g  basin was reproduced in the 
model. It vas constructed of concrete in the serme Banner 8 s  was the  
reservoir  topography, Figure U. Stones 1-1/2 inches to 2-1/4 inches * 
i n  diameter were used i n  the discharge channel st the end of the basin 
t o  simulate prototype r iprap 2 t o  3 f e e t  i n  diameter. 

Outlet Works Structure 
I I 

Tunnel upstream fraa the gate s t ruc tum.  Only the o u t l e t  
works control  gates and the section of tunnel between the gates and U e  
spillway tunnel were reproduced t o  sca le  i n  the  model, ~ i & e  10. A 
6-inch sheet metal pipe upstream froa the control  gates conveyed the 
o u t l e t  works flow fran the reservoir  t o  the control  guten. Immediately 



transf'ormed the 6-inch-round pipe Lo a rccumgular section that f i t  
t h e  two Bquare gate tunnels, Figurea 10b and 12. I n  the  transition 
sect ion j o i n i w  the p l a s t i c  gate otmcture,  a tapering sheet  metal 
pier nose v a a  soldered in  place t o  d i r e c t  the flow smoothly i n t o  
each of the  two gate tunnels. 

Gate structure. The gate s t ruc iure  shorn i n  Figures lob and 
12 was constructed of transparent p l a s t i c .  The s l i d e  g a b s  were 
operated by meana of braae rcxis threaded 8 turnn t o  the inch. 

Tunnel downstream fron the gate s t ructure .  The tunnel fran 
the  gate structurvl zo the  s p i l l m y  tunnel, Figure lob,  was molded i n  
transparon* plaa t ic  l a  the  sme manner a a  the  spillway tunnel. The 
dividinq p i e r  extending domatream fran t h e  gete s t ruc ture  i n t o  the 
tunnel n o  constructed of wood and coated with a res in  to prevent 
==ping. 

The dovnetream end of the outlet vorks tunnel was joined t o  
t h e  apillwny tunnel as ahown i n  F igure  113. The deflector  on the inver t  
of the  sp i l lmy  tunnel and s sec t i on  o f  the spillway tunnel b o t t m  
extending upstream ware raade as a removable piece so  that the  s i ze  of 
the deflector  could readi ly  be changed f o r  nodel t e s t i ng  i f  so  desired. 

Hydraulic Loaacs 

I n  a m o d e l  it 18 often d i f f i c u l t  t o  reproduce the  f r i c t i on  
head losses  t o  acale nince the model nurfaces over which the flm 
passes usually do not represent the  prototype r q h n e s s  t o  scale.  
Therefore, it i s  urrually necessary t o  adjuat t he  length o r  slope of t he  
modcl npi l lmy s o  that t h e  velocity of t h e  f l o w  wTll be reproduzed t o  
scale  oa it enters the e t i l l i n g  basin. 

Since t h e  s t i l l i n q  basin wns designed primarily t o  r e t a in  t h e  
hydraulic ,jump f o r  the  mfls-imum ou t l e t  works discharge, the outlet works 
tunnel i n  scabinstian vith t h e  spillway tunnel m e  used f o r  dee&rmining 
if a m o d e l  adjuatnent was necessary. To determine rhe  ~ d j u a h e n t  
required, i f  any, the velocity and depth of' flow a t  the  beginning of 
*he s t l l l i n q  basin t m j e c t o r y ,  Sta t ion 11+15, were canputed fo r  both 
t h e  mcdel and the prototype. In the prototype it was assumed that the 
roughness coeff ic ient ,  "n , "  had s value of 0 . 0 ~ 8  in the  ou t l e t  works 
tunnel and a value of 0.013 in the  spi l lvay tunnel. Using these 
assumptions, t h e  velocity a t  Stat ion 1.L+Ij f o r  t h e  maxhuni ou t l e t  flow 
of 640 second-feet was camputed t o  be approximately 24 f e e t  per second. 
In  the  model the  r q h n e u a  coeff ic ient  fo r  the  ~ l a s t i c  was aasumed t o  
have a wiue of 0,088 ir. both the ou t l e t  works and sp i l lvay  tunnela, 
and the  modcl veloeity a t  Sta t ion 11+15 was canputed t o  be 6.12 f e e t  



p r o t o t y p  . Since the modal velocity reprcfients a prototype veloci ty  
equal t o  the model veloci ty  raultiplied by the square root of t he  mdel 
sca le ,  6.12 f ee t  per  second represents a prototype veloci ty  of 
approximately 24 feet per second. Therefore, i f  a l l  aaamaptione are 
correct ,  no adjustment i n  length  o r  elope of t h e  tunnel is required. 
However, t o  provide a faczor of  safety and because of space l imi ta t ions  
i n  the laboratory,  the model tunnel length waa reduced 6 feet. 
Therefore, 6 feet of the s t r a i g h t  mociel  spillway tunnel between tho 
v e r t i c a l  bend and the hor izonta l  bend were not constructed. 

b 

THE XNVEiTIGATIOH 

The purpose o r  the inves t igat ion m e  t o  develop the 
hydraulic design of'ithe spi l lmy s t r uc tu r e  including the Junction of 
%he outlet works o t k c t u r c  with the spillway s t ruc tu re .  In  developing 
the sp i l lvay  design, it m a  necessary t o  study the  cha r ac t e r i s t i c s  of 
the flow as it apprmchcd and psssed through the spillway as w e l l  as 
the cha rac t e r i s t i c s  of the flow as it entered and flowed through t h e  
river cbannel. I n  developing the junction of the  o u t l e t  works tunnel  
with the  api l lvay tunnel, it was necessary t o  etudy the flow vith the 
o u t l e t  works and ep i l lvay  discherglng separate ly  and with both 
discharging sianil%aneously. 

9pillvey Eutrance 

Approach channel. The approach channel t o  the spi l lmy m e  
adequate t o  discharge a l l  f low up to and including the d-eaign discharge, 
Figure 14; however, it vas felt that for dischrgce near the design 
l i m i t  the flow condit ions cauld be inproved by reshaping t h e  approach 
channel. It vat? felt that rounding the edges along tho top of the 
cuts an both sides of the channel would reduce die%ur-aces that 
originaka at these e<lg@s. However, .to show the ultigate Improve- 
sent possible, sore draetic alterations verc made. 

Confet t i  scattered on the node1 valer surface show that 
G 

the flov approached .the s p i l l m y  entrance from t h e  left ,  Figure 14.  
As a result, Ule vater surface at the  entrance sloped upward fraa 
l e f t  t o  right. For 7,150 second-feet the water surface near the 
l e f t  training wall.waa depressed about 2 f e e t  which uncovered a b 

b o i l  alamg the left w a l l  apparently caueed by submerged cllrrenL8 
floving i n t o  t h e  training w a l l .  The water surface  near the rim 
train- mill m a  r e b t i v c l y  L'lgh, and no b o i l  uas evident .  

To remedy t h i s  s i tua t ion ,  it was believed that the  approech 
channel f l oo r  s h d d  curve frca -the left in  l i n e  w i t h  the di rec t ion  of 
flow a h o m  in Figure 1 4  or t h a t  the left bank of the approach channel 
should be cut dovn as much as prac t ica l .  It was decided t o  test the 
latter, Figure 15, first. 



wall, elevation 6467, Figure 16; was moved back 1 4  Get and a l o p d  
downmrd 2 on 1 toward the cenwr l i n e  of the chamel un t i l  it 
intersected the preliminary 1 on 1 rlope. 

For 4,000 second-feet, the improvement i n  f lov conditions 
ME alight,  but for  7,150 second-feet the improvement v a s  considerable 
as shown by canparison of Figures 14c and 15c. Only r s l igh t  boi l  could 
be obeerved along the left training w a l l ,  and the water surf ice was 
nore nearly level  across t h e  spillway entrsnce. The capacity of the 
spillway was probably increased a small mount although tests were not 
nude to  prove th i s .  This modification i s  recoamcnded for  the prototype. 

Tunnel entrance. The recamended approach channel a l so  
hproved the flow conditions a t  the eunnel entrance as  s h m  by 
comparison of Figures 16 and 17. The f l a w  uas more uniformly dis tr ib-  
uted i n  the tunnel a f t e r  the recasrmended approach was instal led.  

Preosurcs were recorded fo r  discharges of approximately 
1,000 and 7,20C second-feet in the tunnel entrance at the piezoraatere 
shown i n  Figure 18. All $he piezmeters except No. 52 a r e  located in 
the t ransi t ion section, Figure 5. Piezaoleters 51 and 52 are also  shown 
i n  Figure 17c. A l l  pressurae recorded were atmospheric or above except 
for  a s l igh t  subataospheric pressure a t  Piezuncters 51  and 52. In 
Figure 17c, the flow could be seen t o  separate fraP the t ransi t ion 
w a l l s  just  upstream f'rcm the piezuneters. This is  probably the reason 
for  the subatmospheric pressures. Since the subataospheric pressures 
a re  lea6 than I foot of water, no ~ e r i w a  consequences such a s  cavi- 
tation erosion are  expected. The transizion section a s  p r e l h i n a r i l y  
designed is recanmended fo r  the prototype. 

Spillway cres t .  The spillway model uao  calibrated t o  
determine i t s  capacity for reservoir elevations up t o  and Including 
reservoir design elevation 6460.5 feet. The cal ibrat ion c w e  ahowed 
s l ight ly  l e s s  discharge t h n  the curve used for design, Figure 19. 
At design reservoir elevation the s p i l l m y  capacity -6 measured t o  
be 7,200 second-feet which is suff icient ly close t o  the deaign 
capacity of 7,340 t o  recumend approval of the c r e s t  ahape. 

Based on a c res t  length of 20 feet,  the discbarge coefficient 
curve was caarputed frcmn the calibrated curve and is  ahom in Figure 19. 
For the design head, the coefficient, 4.15, ia  qu i te  large because the 
training walls a r e  battered, 1/4 t o  1, wnlch in effect lengthens the  
c res t  beyond 20 feet, Figwr 5. 



were meaeured on tihe c re s t  p rbf i le  ale@ tha center line of the s p i l l -  
way, Figure 20. A l l  preseures were 8bou;e etatospheric. Therefore, the 
prellminsrry design of the  c r e s t  shape is; reccamended f o r  tht: p r o t o t y p ,  

J i 

Spillway Tunnel /I" 
r Y  

Flov conditions a t  the tu&l entranc~! have been discussed 
i n  a preceding aection. F l r d  cc~idizions throughttut the inclined tunnel, 
the ver t ica l  bend, and the nearly horizontal portion will be discusacd a 

i n  t h i s  section and are shown i n  Figures 21, 22, 23, and 24 fo r  
discharge8 of 1,100, 4,000, and 7,150 second-feet i n  t he  preliminary 
tunnel design. 

Flov d m  the incl ine and throwh the nearly horizan&l 
po,zion was s t ra ight  and uniform a s  shown i n  Figure 2l. For the design 
diocharge the tunnel was cabout two-thirds Aill at t h e  luwer bend. 
Immediately downstream frrxn the bend the water ~ u r f a c e  cross section 
m s  dished s l igh t ly  as the centrifugal force of the flow passing around 
the bend caused the water t o  climb the sides  of the tunnel. Flow 
conditions vere excellent, however, and the tunnel was still plenty large 
t o  handle the  design flow. 

* 

The flow passed over the outlet tunnel opening i n  s very 
eatisfactory manner for both srall and l a rge  discharges, aa abown i n  
Figure 22. The perfonaance st this junction w i l l  be discueaad more 
fu l ly  in t h e  section "The Outlet  Works 'Funnel and Spillway Tunnel 
Junction. " 

Flow through the horizontal bend was sa t i s fac tory  for  8-11 

flaws, as shown i n  Figure 23, but was not considered be good for t h e  
la rger  dischargee fraa 4,000 secand-feet on up, as shown in Figure 24. 
As the flow paesed through the bend, the water c l h b t h  the outside wall 
until, for  the design flow, it spiraled over the top and down the other 
s ide,  v i r tua l ly  closing the tunnel a t  the sti l lFne; basin entrance a t  
Station 11+15. Flying par t ic les  of water filled t h e  end of the tunnel 
at the basin entrance i n  the model. More spray all occur i n  the  % 

prototype than l o  shawn by the model; therefore, it was believed +hat 
remedialacraaurea should be W e n  t o  provide an sir pssage ,  free fram 
sprsay, throughout the  tunnel. W i t h o u t  the guarantee of an a i r  pass&ge 3 

a t  a l l  t h e 6  durlng operation, it was feared that the tunnel migh t  
moanenkrily choke, then f i l l ,  and create surges i n  the flow. 

It uas recoaprended t h r r t  t h e  bend be eliminacA o r  i t s  
rcrdius great ly  increased. However, because of steep t a lu s  slopes 
and lack of rock foundatim the sumel  location could not  be change&. 



- - I  

the crown of the tunnel throughout most of the  horizohtalYbend and 
extend the  vane a s  far as the  s t i l l i n g  basin entrance. A guide vane 
16 inches th ick  by 32 inches deep, beginning at approxilnately one-third 
of the  a r c  length and extending t o  the  basin entrance, was in s t a l l ed  i n  
the model. 

' 

The vane was e f fec t ive  i n  providing an air space through the 
bend t o  the  basin entrance by preventing the  flow from s p i r l i n g  over 
the top of the  tunnel as shown i n  Figure 25. The vane w a s  recommended 
f o r  the  prototype. 

Water surface p ro f i l e s  f o r  the design discharge were measured 
a t  various sections throughout the  tunnel tuld are shown i n  Figure 26. 
These p ro f i l e s  show t h e  tunnel with the  guide vane t o  be adequate. 

S t i l l i n g  Basin 

Acting as a hydraul.2~ jump basin. The s t i l l i n g  basin  
operating as a hydraulic junrp bas in  i s  shown i n  Figures 27, 28, and 29. 
The basin was more than adequate i n  discharging the ou t l e t  vorks' 
normal flow of 300 second-feet and the  ou t le t  works' design flow of 
640 second-feet. I n  f ac t ,  t e s t s  showed t h a t  the basin re ta lned the 
hydraulic jump f o r  diocharges up t o  and including 1,400 second-feet 
when the  discharge w a s  increasing, though, once the  jump swept out, it 
did not f a l l  back i n t o  the basin u n t i l  the  discharge w a s  decreased t o  
approximately 640 second-feet . 

Water surface p ro f i l e s  and cross-sectional depths measured i n  
the basin are shown i n  Figure 30. The flow entering t h e  jump was  not 
always uniformly d i s t r ibu ted  across  the  width of the  basin  because the  
flow from the  horizontal bend d id  not provide uniformly d i s t r ibu ted  
flow at the  basin entrance, S ta t ion  11+15. However, uniform flow depth 
at the  t oe  of the  jum;, was not necessary t o  provide adequate performance 
since the  basin was narrow and longer than the  Jump length f o r  discharges 
up t o  about 1: 000 second-feet, as shown i n  Figure 30. 

The r i ve r  channel a t  t he  end of the  basin was t o  be riprtrpped, 
as  shown i n  Figures 3 and 11, so  erosion t e s t s  were conducted t o  
determine t he  s ize  of r iprap needed. Most of the stones i n  the model 
r iprap represented prototype stones 2 f e e t  i n  diameter, however, some 
were a s  large or  la rger  than t he  3-foot s ize  specified. 
The r ip rap  bed pr io r  t o  t e s t i ng  i n  the  model was at e levat ion 275 which 
i s  1 foot  below the elevation specif ied f o r  the protot-vlje . 



out of t h e  riprap bed, e r o d i G  the bed to-elevation 270 in a 20-ainute 
model t e s t  run as shorn In Figure 31. This test indicated that 3-foot 
stones or la rger  were required. Without rcplsc ing eroded riprap, the 
diecharge vas increaned t o  1,kW second-feet. Nearly all of the stones 
i n  the bed, including sane 5 f e e t  in  diameter,  were vnahed avay i n  a 
20-nlnute model ran as shown i n  Figure 32. 11; wao believed that much 
larger atmcs were ami lab le  nearby i n  the r iver  channel so it was 
recorntended that many hrgc stones 5 f e e t  and larger  i n  diameter, be 
used i n  t h e  prototype. 

Acting as  a f l i p  bucket. For la rger  diachargerr t h e  basin was 
designed t o  act as a f l i p  bucket. When the hydnulic  jump was swept 
out of the basin, the end s i l l  became a bucket t o  pitch the flow into 
t h e  r iver  channel auay frau the stzucturc. The basin operating as a 
flip bucket f o r  large discharges i e  ahown in Figura 33 and for s e e r  
discharges in P i g w e  29. 

It was concluded f r a  observation of &he model that the jet 
frcm the  prototype basin would prokbly erode a considerable qunntity 
of material from t h e  riverbanko, part icular ly at  the bend in  the r ive r  
domatre-. Erosion of the riverbanks i n  i t s e l f  om6 not considered to 
be as hamful aa the deposition of eroded material i n  the  river chamel. 
Depoaita might crea te  a dam t h a t  would back up small flowa and suknerge 
the  tunnel. However, the r ive r  channel l a  quite steep and the vclocity 
high so it was believed thert material vould not  be deposited i n  the bed 
u n t i l  it hsd traveled far enough downstream that no dtumhg e f fec t  
u d d  be felt at the tunnel portal. 

Became the flow was concentrated on the left side o r  %he 
tunnel a f t e r  passing through the horizontal tunnel bend, Figures 25 and 
26, t h e  flav zigzagged through the basin as shovn i n  Figurea 33 anrP 34. 
Flow was concentrated along the r ight  wall a t  the end of the basin and, 
therefore, produced an unsymmetrical Jet  leaving the f l i p  bucket. 
Ravever, t h e  Jet  vas not cmsidere8 to be obJectionable. The unequal 
distr ibut ion at +&e end of the basin prdiuced greater forces on the * 
r ight  training wall than on the left. For the maximum discharge, the 
distribution was much more even and the jet oras more synretrical,  

Jetmeasurcacnts fo r  t h e  design discharge were Bade and are -w 

recorded i n  Figure 35. It wrns found t b s t  the  J e t  was not projected as 
far downstream from the basin as vas a n t i c i p t e d .  This vas not 
objectionable in m y  way, howcver. It was believed that the p r i n c i p l  
reason for the shorter  t r a j e c to ry  ~ ~ 3 8  t h a t  the hydmulic losees i n  
the horizontsl bend and s t i l l i n g  basin vare greater than anticipated. 



were mseured and are  recorded i n  Figure 36 f o r  discharges of 7,150 and 
1,000 eeecnd-feet. No subatmospheric pressures were found, therefore,  
the  shape of the t r a j ec to ry  was sat isfactory f o r  the  prototype as  
prel iminar i ly  designed. 

The t e s t s  and observations of the s t i l l i n g  basin operation, 
both as a hydraulic jump basin and as a f l i p  bucket, showed the  basin 
t o  perform sat , isfactori ly,  and t h e  preliminary design of the  basin i f i  

recommended f o r  the prototype. 

The Outlet Works Tunnel and Spillway Tunnel Junction 

The flow from the ou t l e t  works i s  controlled by two s l ide  
gates shown i n  the model, i n  Figures 10, 12, and 37. The normal ou t l e t  
vorks discharge i s  300 second-feet. The design discharge f o r  maximum 
reservoir  elevation with 100 percent gate opening i s  640 second-feet. 

The model gs tes  were capable of discharging more than 640 
second-feet, however, because of the  larger-than-scale approach pipe 
t h a t  w a s  used. The model could discharge 640 second-feet v i t h  the 
gates e i t h e r  100 percer t  open and the  reservoir  a t  approximately 
e levat ion 6b30 or  with the  gate opening reduced t o  87 percent and the  
reservoir  at  approximately spillway c res t  elevation 6441.   his l a t t e r  
condition i s  on the s ide  of sa fe ty  f o r  some test purposes since a 
s l i g h t l y  higher veloci ty  occurs i n  the  model than i n  the  prototype. 
Performance f o r  t h i s  flow condition is  shown i n  Figure 37. Plow 
entered t he  spillway tunnel i n  a very sa t i s fac tory  manner. 

Normal discharge of 300 second-feet i s  a l s o  shown i n  
Figure 37 and appeared t o  be very sat isfactory.  The gates are  open 
49 percent t o  hold the  reservoir  at  spillway c r e s t  elevation.  

The out le t  tunnel vas vented by an  18-inch pipe located i n  
the ou t l e t  tunnel j u s t  downstream from the gates, Figure 7. For both 
300 and 640 second-feet a considerable amount of air was d r a m  through 
t h e  vent and through the  inclined tunnel of the  spillway. Closing the  
vent aspeared t o  have no e f f e c t  on the  flow. This  was probably because 
air could en te r  the ou t l e t  tunnel from the incl ined tunnel at the  
junction of the two t u n n e l s .  This may or may not be possible i n  t he  
prototype because of increased spray and bulking of the outflow. 

The ou t le t  works tunnel and the spillway tunnel could be 
operated jo in t ly  f o r  flows up t o  4,000 second-feet, and the  performance 
was very good, Figure 38; however, the  out le t  works and spillway were 
not designed t o  operate simultaneously except when the  spillway first 
begins t o  discharge. I n  t h i s  case the  ou t le t  vorks tunnel would 
discharge about 640 second-feet and the  spillway tunnel about 500 second- 
f e e t  more o r  less. Such a discharge combination, Figure 38, appeared 
t o  be very sat isfactory.  



a relatively large qunnzity of  a i r .  2o'~.:ver, closing the vent did not 
change flow conditions Ir? the mtlct tunnel but did cause a little 
splash and spray Ln tnc ~ p l l l r & : ~  tunnel where the tva flows joined. 

Wnen .tne outlet; vorks tunnel venr, v a ~  closed vlth the t o t a l  
f i o v  of .the t-80 t lmne l s  exceeding approximately 1,200 second-feet, t h e  
ou t l e t  vorRB tunnel P i L 1 e d  with uater. Since the ou t l e t  works tunnel 
1s not icltcndwd to aperate RB A premure  tunnel, it is recomaended 
t h a t  the outlet  ucrkz  be closed men t he  sp i l lmy  i s  discharging, 
except -men t h e  to ta l  dlscb%r#e of the two  doe^ not exceed abaut 1,000 
second-feet. Th i s  v i l l  also delay t h e  swepout in t h e  Jump basin and, 
in the case of R small f lood ,  m y  even prevent t h e  awecpout from 
occurrinq. 

For spillway dischar~ea near  IOa iiet;ian capacity, the outlet 
works, i f  operating, scmazimes Pills rmpletely even though the vent 
i s  open. Tnir; is C B U R ~ ~  by ct sl inht;  surge 111 tne outlet works or spillway 
flaw which n i g h t  stop the fiow of air i n  t h e  outlet tunnel junt l a g  
enough to choke t h e  t&tn,el; the tunnel then I'ilXs and stays rWLl of 
water. When the outlet, vorkt; tla~rtel flow full, St causes spray in 
tbe spilfv~y t w e l .  Tne axc~-~zt of' spray, for a given outlet discharge 
and heed, depends upon t h e  thizb.ees of the spillvay flow passing 
over the outiet vorho portnl.  If the tnickness .ie small, the spray 
is severe. Taic i s  not  a secarrrmcnded opemtinu condition. 

'n'nen the  spi l lway alone is discbrglnq,  ae snom in Fiqure 22, 
no splash or spray  occurs at tne ,junction. For a11 flov:~, water backs 
up in to  the a u x l e  torke z w e l .  ?'he elevat ion to *ice the flov backs 
up depen~s upon the discharge and i s  n measurement of the  average 
press-are exerted on the o u t l e t  tunnel opening. The lenqth and height  
of the  d e f l e c t o r  in the spillway t m c l ,  shown in figure j, govern t o  
some extent the  m o u n t  of' w a t e r  c h t  i s  mcked up into t h e  o u t l e t  
tunel. The aeliec%csr e s  preLh lnn r i i y  deslneci  i s  believed t o  be very 
satiafactoxy sad i s  recamexidec! for  the pro-toqfp.  

Pressux-*:.c were n e s ~ u r e d  at pxezcaetera located near the 
invert o f t t a e  o u t l e t  twaal ~ 3 ~ 6  are recorded in Figure 39 for t h e  
outlt?t works desiqu dischar~e. IVac pressures were found to be close 
t o  ausospher ic ,  thcrcfcre, the curmture  o f  the zwne l  inver t  as 
preliminarily dec imed is recanended t'cr the  prototype. 

Pressures vere also rceasure6 at the  jmc'cion of the Zwo 
t w z e i a  a t  the piczolneters shovn in Fixure 40. Most of these 
piezuneters were located a l o n ~  the edges of the two joining tunnels. 
1% was bellsved thar subatzcosphcric pressurea m i & t  exist here, 
particularly on t he  =lf of t h e  s;uti.et works tunnel. 
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Figure 8 
Report Hyd-437 

ANCHOR DAM SPILLWAY AND OUTLET WORKS 
1: 15.8 Scale Model 



b. A p p r o a c h  channel and crest 

A ~ C H O R  DAM SPILLWAY 
M o d e l  R e s e r v o i r  and  Sp i l lway  A p p r o a c h  

1: 15.8  S c a l e  M o d e l  



ANCHOR DAM SPILLWAY AND OUTLET Vv 
Model Tunne ls  

1: 1 5 . 8  Sca le  Model 

V i p  
licport 

.L. 

Lip, l lway  & outlet 
w o r k s  t11nnt.1~ 

b 
Outlc t works 

con t ro l  g a t e s  

C. 

Hor izon ta l  bend 
in  sp i l lway  
tunnel 

'ORKS 



a. Looking downstream a t  stilling basin and 
r i v e r  channel. 

b. Model r ip rap  a t  end of stilling basin, l$ 
to 24 inches. 

> 

ANCHOR DAM SPILLWAY 
Model Basin and River Channel 

1: 15.8 Scale Model 





Figure 1 
Repo r t  Hyd 

Spillway tunnel d i a m e t e r  9 . 1  inches  
Outlet tunnel ' d i ame te r  4.56 inches  
Spillway hcnd r a d i u s  7 1 . 2  inches  on inver t  

ANCHOR DAM SPILLWAY AND OUTLET WORKS 
hlodel Outlet Works  and Spillway 

Tunnel  Junct ion 
1: 15.8  Scale  Model  



Figure 14 
rteport FIyd-437 

a .  1 , 1 0 0  second -feet 

b .  4 ,000 second-feet 

! 

C .  

7,150 second-feet 

ANCHOR DAM SPILLWAY 
Flow in  Recommended Approach Channel 

1:15.8 Scale Model 



Figure 15 
Report Hyd-437 

a .  
Dark concrete 
on loft  is mod- 
ified approach 
area. 

b .  
4,000 second-feet 

C .  

7,150  second-feet 

ANCHOR DAM SPILLWAY 
Flow in Pre l iminary  Approach Channel 

1:15.8 Scale Model 



Figure 16 

b .  
7 ,150  second-feet. 

Looking into tun- 
nel e n t r a r , ~ ~ .  

C .  

7,150 second-feet. 
Looking into side 
of tunnel entrance.  

rJh'CH0Ii D A M  SPILLWAY 
Flow In Tunnel Entrance--Prel iminary Approach Channel 

1: 1 5 . 8  Scale Model 



7,150 second-feet.  
Looking into tun- 
nel entrance.  

C .  

7,150 second-feet.  
Looking into side 
of tunnel entrance.  

ANCHOR DAM SPILLAWAY 
Flow in T u n n e l  Entrance--Recornmc?nded Approach Channel 

1: 15 .8  Scale hlodel 









c. 7,150 second-feet 

ANCHOR DAM SPILLWAY 
Flow in  the Spillway Tunnel 

1: 15.8  Scale Model 



a. 
1,100  second-feet 

b. 
4,000 second-feet 

C .  
7 ,150  second-feet 

ANCHOR DAM SPILLWAY 
Flow through the Vertical Bend 

1: 15 .8  Scale Model 



a. 300 second-feet 

b. 640 second-feet 

c .  1,100 second-feet 

? 
'g 5 

ANCHOR DAM SPILLWAY 22 
Flow through the Horhontal Bend 

Small Discharges 
x: 
Y N  

1: 15 .8  Scale Model ? w  * 
W 
4 



F i g u r e  24 
Report Hyd-437 

a. 4 ,000  second-Ezzt. Tunr:el partially fi l led with spray a t  Station 
11+15. 

b. 7 , 1 5 0  second-feet. Tunnel fi l led with spray  at Station 11+15. 

c .  4,000 second-feet d .  7 ,150 second-feet 

ANCHOR DAM SPILLWAY 
Flow through the Horizontal  Bend 

Large  Discharge8 
1: 15 .8  Scale Model 



a .  4,000 second-feet 

Note: 

b. 3,000 second-feet c .  7 ,000 second-feet 

uide vane on crown of tunnel. See Figure 3 for details. Note the sp 
the water surface at 'end of tunnel. See Figure 26 for water surface 

ANCHOR DAM SPILLWAY 
Flow through the Horizontal Bend with Recommended Guide Vane 

1: 15.8 Scale Model 





b. 640 second-feet 

ANCHOR DAM SPILLWAY 
Stilling Basin Operating a s  a Hydraulic Jump Basin 

1: 15 .8  Scale Model 



a.  Flow in basin c .  Flow at baein entrance 

Flow at end of basin 
1 

ANCHOR DAM SPILLWAY 
Stilling Baein Discharge 

1,100 Second-Feet 
1: 15.8 Scale Model 



a. 640 second-feet-jump in baain 

Figure 29 
Report Hyd-43 

1,500 second-feet- jump 
swept from basin , 

.b. The flow ha8 increased from 
640 to 1,400 cfs-jump in 
basin 

d. The flow has decreased from 
1,500 to 700 cfs-jump has 
not reformed in basin. 

ANCHOR 
Hydraulic JUI 

1:15.8 

SPILLWAY 
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a. 640 second-feet b. Erosion after 20 minute model test. 

ANCHOR DAM SPILLWAY 
Erosion Test--G4O Second-Feet 

1: 15 .8  Scale Model ZJ 
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a .  1,400 second-feet b.  Erosiol. after 20 minute model 
test at 64u se~ond-feet  plus 20 
more minutes at 1,400 second- 
feet. 

ANCHOR DAM SPILLWAY 
Erosion Test--1,400 Second-Feet 

1: 15 .8  Scale Model 



Figure 33 
Report Hyd-4 

a. 3,000 second-feet 

b. 4,000 second-feet 7,150 second-feet 
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ANCHOR DAM SPILLWAY 
Stilling Basin Operating 

As a Flip Bucket 
1: 15 .8  Scale Model 









a. 640 second-feet 
Fate open 87 percent 
Reservoir elevation 6441 approximately 

b. 300 second-feet 
Gate open 49 percent 

r 

Reservoir elevation 6441 approximately 

c .  640 second-feet d. 300 second-feet 

ANCHOR DAM SPILLWAY AND OUTLET WORKS X Z  
Y 0 

Outlet Works Discharging 
1: 1 5 . 8  Scale Model 
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a .  Spillway discharge--3,000 second-feet 
Outlet works discharge-- 1 ,000  second-feet 
Outlet works gates fully open ( 2 . 2 5  feet) 

b .  Spillway discharge--460 second-feet 
Outlet works discharge--640 second-feet 
Outlet works gates open 1 . 9 5  feet 

ANCHOR DAM SPILI,WAY AND OUTLET WORKS 
Outlet Works and Spillway Discharging 

Simultaneously 
1: 1 5 . 8  Scale Model 



ANCHOR DAM O U T L E T  WORKS 
PRESSURES ALONG THE OUTLET TUNNEL INVERT 

1:15.8 S C A L E  M O D E L  




